Community Health, University of Occupational and Environmental Health, Graduate school of M e d i c i n e , O s a k a U n i v e r s i t y -T h i s s t u d y prospectively examined the association between employment status (employed or self-employed) and the risk of death from circulatory diseases among Japanese workers. A baseline survey was conducted between 1988 and 1990 among 110,792 inhabitants of 45 areas. Follow-up surveys were conducted annually and causes of death were identified from death certificates. Analysis was restricted to 25,945 individuals (15,434 male and 10,511 female) with ages ranging from 40 to 59 years. These subjects were employed or self-employed at the time of recruitment. The risks of self-employment for death due to circulatory system disease, ischemic heart disease and cerebrovascular disease were estimated using the Cox proportional hazards model. During the 10-year followup period (151,817 and 104,870 person-years for males and females, respectively), 720 male and 193 female deaths were recorded. No significant differences were detected between the employed and self-employed workers in the total death risk, or the risk of death from ischemic heart disease. However, self-employed men showed a significantly lower risk of death from cerebrovascular disease compared with employed men (relative risk=0.58; 95% confidence interval=0.35, 0.97). Our findings suggest that employed men are at increased risk of death from cerebrovascular disease compared with self-employed men. (J Occup Health 2005; 47: 510-517) 
A number of previous studies have reported inequalities in mortality and morbidity between different occupational classes 1) . The possible reasons for this association have been discussed elsewhere. Physical conditions in the workplace, such as temperature and occupational exposure to shift work or hazardous substances, are related to health outcomes. For example, exposure to chemicals such as asbestos has been shown to increase the risk for several types of cancer [2] [3] [4] , and engaging in shift work has been reported to increase the risk of coronary heart disease among workers 5, 6) . Psychosocial factors in the workplace can also affect the health of employees both mentally and physically. For example, job-related stress, job autonomy and workload are all associated with mental well-being and the risk of circulatory diseases among workers [7] [8] [9] . Circulatory diseases are strongly and inversely correlated with occupational class (that is, professional or non-professional, manual or non-manual and white-collar or blue-collar workers) [10] [11] [12] [13] ; for example, the Whitehall Study reported that mortality from coronary heart disease in the lowest occupational class was 26 per cent higher compared with that in the highest class 12) . However, the effect of employment status (that is, employed or self-employed) on circulatory diseases has received little attention. We proposed that employment status might be a proxy for differences in working practices, including the physical environment, job-related stress and overwork, as well as socioeconomic background. The aim of this study was therefore to examine the differences in the risk of circulatory diseases between employed and self-employed workers. The Japan Collaborative Cohort (JACC) Study provided a unique opportunity to examine prospectively the association between employment status and the risk of death due to circulatory diseases among Japanese workers.
Methods

The JACC Study
The details of the JACC Study, which was sponsored by the Ministry of Education, Culture, Sports, Science, and Technology of Japan, have been described previously [14] [15] [16] [17] [18] [19] [20] . Briefly, this prospective cohort study involved a total of 110,792 subjects (46,465 male and 64,327 female) who were aged between 40 and 79 yr at the time of recruitment in 45 areas between 1988 and 1990. In 22 out of 45 areas, all residents living in a given target area were regarded as study subjects. In 20 areas, those who had undertaken a basic health examination conducted under the Health and Medical Service Law for the Aged were invited to participate in the study. In two areas, the study subjects consisted of health examinees plus volunteers. In one area, subjects were defined based on the health check-up for atomic bomb survivors. The response rates were obtainable from 17 of 22 areas which included all living residents as the subjects: the average response rate was 83% 15) . The follow-up survey was conducted using population registries in local municipalities to determine the vital and residential status of the cohort in each area. All subjects who moved out of the study areas were treated as censored subjects. All deaths that occurred in the cohort were ascertained by death certificated from local public health centres in the study areas with the authorities' permission from the Ministry of Public M a n a g e m e n t , H o m e A f f a i r s , P o s t a n d Telecommunications, Japan. For deceased subjects, the causes of death were recorded from the death certificates held at the regional health centres and were classified according to the International Classification of Disease 10th Revision (ICD-10) as follows: circulatory system disease (I00 to I99), ischemic heart disease (I20 to I25) and cerebrovascular disease (I60 to I69).
The present analysis included follow-up data that were collected prior to 1999. This study was approved by the Ethics Committee of the University of Tsukuba, Japan.
Baseline survey and data retrieval for analysis
At the baseline, all participants were asked to classify their current employment status as employed, part-time, self-employed, housewives/homemakers, unemployed (including retired) or other. Subjects completed a selfadministered questionnaire that requested information on the following factors: body weight, height, educational level, medical history, perceived stress in daily life and lifestyle behaviour (including smoking and alcohol consumption). The participants indicated the occurrence of perceived episodes of stress during the previous year using a four-point scale (frequent, occasional, rare or never). The questionnaire also asked for medical history concerning hypertension, diabetes mellitus, cerebrovascular disease and ischemic heart disease; the respondents indicated on a checklist those diseases with which they had been diagnosed, either currently or previously.
We first restricted the data set to individuals who were aged between 40 and 59 yr at the baseline (n=61,227; 25,822 males and 35,405 females). Among this group, those respondents who indicated that they were employed or self-employed were deemed suitable for our analysis (n=33,794; 20,368 males and 13,426 females). We then further limited the data set by selecting only those participants who provided sufficient information concerning covariates, and who lacked a previous history of cancer, myocardial infarction or cerebrovascular disease (n=25,945; 15,434 males and 10,511 females).
Among the 913 deaths (721 male and 193 female) that were recorded during the 10 yr of follow-up (256,686 person-years; 151,817 for males and 104,870 for females), 211 deaths (170 male and 41 female) were due to circulatory system disease, 51 deaths (45 male and six female) were due to ischemic heart disease, and 100 deaths (77 male and 23 female) were due to cerebrovascular disease.
Statistical analysis
The Cox proportional hazards model was used to estimate the age-adjusted relative risk (RR) of employment status for each of the causes of death (total death, circulatory system disease, ischemic heart disease and cerebrovascular disease). The employed workers were used as the reference group. Age was included in the model and the data were divided into age groups at 5-yr intervals.
Multivariate RRs were estimated in order to adjust for the following risk factors: age, smoking status (never, former or current smoker), alcohol intake (habitual drinker, former habitual drinker or non-habitual drinker), body-mass index (BMI) divided into quartiles 21) .
Results Table 1 shows the baseline characteristics of the subjects by employment status. A total of 9,284 (60%) of the 15,434 men, and 5,410 (51%) of the 10,511 women, reported that they were currently employed. There were no significant differences in age, BMI, smoking, alcohol intake and medical history between the employed and self-employed workers for both sexes. However, compared with self-employed workers, employed individuals reported significantly higher levels of perceived stress: the percentages of employed and selfemployed workers reporting frequent perceived stress were 15.9% versus 11.3% in males, and 15.1% versus 11.8% in females; the corresponding values for occasional perceived stress were 18.2% versus 11.0% in males, and 15.1% versus 10.8% in females. In addition, selfemployed men tended to report a lower level of education than employed men: the percentages of men that left education before the age of 15 yr were 26.3% versus 30.3% for employed and self-employed men, respectively. The risks of death due to circulatory system disease, ischemic heart disease and cerebrovascular disease are shown in Table 2 . There were no significant differences in the total death risk, or the risks of death from circulatory system disease or ischemic heart disease, between employed and self-employed workers. However, selfemployed men showed a significantly lower risk of death from cerebrovascular disease compared with employed men (RR=0.58; 95% confidence interval (CI)=0.35, 0.97) after adjusting for possible confounding factors. Table 3 shows the results of a detailed analysis of the risk factors associated with cerebrovascular disease in men. This identified several additional factors that might contribute to the increased risk of death from cerebrovascular disease that was observed among employed men in our study. Age, hypertension, diabetes, smoking and ex-habitual alcohol consumption were all associated with the risk for cerebrovascular disease in either one or both of the models (age-adjusted or multivariate-adjusted). In particular, a medical history of hypertension (RR=2.54; 95% CI=1.55, 4.17) or diabetes (RR=2.18; 95% CI=1.05, 4.55) was strongly associated with an increased risk of death from cerebrovascular disease.
Discussion
The present study showed that employed-workers had an increased risk of death due to cerebrovascular diseases. This association was robust even after adjusting for several possible confounding factors. Work-related factors, such as job type, size of enterprise, the physical environment, occupational exposure to hazardous substances, job-related stress, job autonomy, overtime, working hours, workload and socioeconomic background, are known to be associated with the health status of workers. We proposed that these factors might differ between employed and self-employed workers in Japan. In particular, working hours, workload, and job control or autonomy are generally thought to be more flexible for self-employed individuals than employed workers. Our findings indicate that employed male workers might be at an increased risk of death from cerebrovascular disease compared with self-employed men. If this association is robust, we suggest that it might be the result of differences in working practices, such as workload, overtime, and job control or autonomy, although the present study did not primarily attempt to examine the causality. Further studies will be necessary to identify the underlying factors, which might include workload, working hours, autonomy and job-related stress.
Several confounding factors might affect the association between employment status and cerebrovascular disease. Firstly, many of the risk factors and behaviours that are linked with cerebrovascular disease, such as smoking, alcohol consumption, obesity and past medical history, might differ between employed and self-employed workers. In fact, significant differences in these factors were detected between the two groups in our analysis. However, our multivariate model showed that employment status had a stronger association with the risk of death from cerebrovascular disease than several other factors, including smoking, alcohol consumption and BMI. This emphasizes that employment status, employed or self-employed, is an important social determinant of health, at least for cerebrovascular disease, among Japanese male workers.
A second potential confounding factor could involve psychosocial parameters, such as job-related stress and social support. These factors can independently affect the circulatory system via changes in circadian rhythms, hormonal regulation and cardiovascular dynamics. Moreover, the employed workers in our study reported more frequent episodes of perceived stress than the selfemployed workers. However, the observed association between employment status and cerebrovascular disease remained significant after the analysis was adjusted for perceived stress.
Thirdly, selection bias could cause a spurious association between employment status and risk of death from cerebrovascular disease if there was a difference in the health status of employed and self-employed individuals. For example, employers might select healthier people as a consequence of their hiring procedures. Alternatively, self-employed workers might have previously left employed work because of difficulties caused by an illness. Furthermore, employment status is generally thought to reflect the socioeconomic background of individuals, such as their educational level or life history. Although some professionals, such as lawyers and doctors, might be classified as self-employed workers, our data revealed a greater proportion of individuals who had left education by the age of 15 yr among the self-employed workers compared with the employed workers. All of these biases would tend to attenuate any association between being employed and cerebrovascular disease, so the actual increased risk associated with employment might be greater than that reported here. Furthermore, these biases are unlikely to be relevant to the present study, because employment status was not associated with the total death risk, which challenges the idea that employed workers are generally healthier than self-employed workers.
Some important limitations of our study should be mentioned. Firstly, the present study failed to obtain information regarding some possible confounding factors, particularly occupational exposures. However, it is generally considered that employed workers have a better working environment than self-employed workers. Secondly, the type of business may differ between employed and self-employed workers, but the results were not materially changed after adjusting for the type of job (office worker, manual worker or other). Thirdly, the questionnaire that was used to asses the confounding factors was relatively simplistic, although it did account for several factors, for example, the measurement of blood pressure is preferable to the history of hypertension.
In conclusion, our prospective cohort study demonstrated an increased risk of death due to cerebrovascular disease for employed Japanese men compared with self-employed Japanese men. This finding indicates that an occupational health policy initiative might be needed in order to minimize the inequalities in risk between employed and self-employed workers.
